Using a general oscillator structure, new oscillator circuits are systematically derived. These oscillator circuits use two operational transconductance amplifiers (OTAs) and one externally connected passive element, exploiting the inherent zeros of the OTAs to advantage. The feasibility of obtaining oscillation using only two OTAs without externally connected passive elements is investigated. Experimental results are included.
INTRODUCTION
At present, operational-transconductance-amplifier (OTA)-based oscillators are receiving considerable attention. This is attributed mainly to their electronic tunability over a wide-range, the use of a relatively small number of active and passive components, the feasibility of obtaining relatively high-frequencies of oscillation, and finally their suitability for integration in CMOS and bipolar technology. Although the literature [1] - [6] contains a large number of attractive OTA-based oscillator circuits, the proposed circuits are analyzed assuming ideal OTAs, that is, the OTA is acting as an ideal voltage-controlled current-source (VCCS). OTAs are, however, non-ideal in many respects. Of particular interest here is the output conductance, the output and input capacitances and the frequency dependence of the transconductance [7] and [8] . The equivalent circuit model of a non-ideal OTA operating in the linear region is shown in Fig. 1 . Although the influence of the OTA non-idealities of Fig. 1 
PROPOSED CIRCUITS
Consider the oscillator structure shown in Fig. 2 . Assuming that the OTAs are non-ideal and can be represented by the circuit model of Fig. 1 , then the equivalent circuit of the oscillator structure of Fig. 2 will be as shown in Fig. 3 , where Zrl is the parallel combination of Rol Ri2 Rd2 and (Col + Ci2 + Ca2 ) and Zr2 is the parallel combination of go2, Ril, gdl, and (Co2 + Cil + Cd). The model takes into consideration the frequency dependence of the transconductance, gin(s), which can be expressed as [8] gmi(S) gmoi exp(-sTi) (1) where Ti is the time delay through and gmoi is the dc transconductance of the ith OTA. For frequencies much lower than Ozi 1/T, (1) can be approximated by
where Ozi is the frequency of the single-zero model of the ith OTA. Although (2) is not particularly exact, it allows us to obtain simple expressions for the frequency and the condition of oscillation of the proposed oscillator structure. Routine analysis yields the characteristic equation of the equivalent circuit of Fig 
By performing all possible permutations to explore the possibility of obtaining sinusoidal oscillations using one grounded passive component only, the two oscillator circuits shown in Fig. 4 resulted. The frequency of oscillation and the condition of oscillation for each circuit are given in Table I . From Table I (6) then the frequency of oscillation of the circuits of Fig. 4 will be given by 2 too gmol gmo2/CT1Ceq
+/- where Ceq CT2 "+" C 2 for the circuit of Fig. 4(a) and Ceq CT2 for the circuit of Fig. 4 (b).
is
Inspection of (6) and (7) (5) and (6) are satisfied, then the frequency of oscillation will be given by equation (7) .
EXPERIMENTAL RESULTS
The circuits of Fig. 4 were experimentally tested using the LMA3080 IC OTAs.
Some experimental results are shown in Fig. 5 Figure 6 shows an output waveform obtained from the circuit of Fig. 4(a) The frequency and the condition of oscillation of the proposed circuits are interdependent and both are functions of the parasitic elements of the OTA. These parasitic elements are functions of the amplifier bias-current, which, in turn, is a function of temperature. This makes the amplifier bias-current stabilization against temperature drifts very important in practical applications, particularly under varying environmental conditions. Possible solutions for this problem include temperature compensation of the OTAs [12, 13] and phase-lock tOo-Stabilization techniques [14] [15] [16] [17] . Although the later is more suited for relatively complicated systems, it has the advantage of stabilizing system performance not only against temperature variations, but also against variations in power-supply voltage and aging [18] .
The major practical problem of the proposed oscillator structures is the interdependence between the frequency and the condition of oscillation. Thus, any attempt to change the frequency of oscillation by changing the amplifier biascurrent may result in changing the condition of oscillation and consequenctly large variations in distortion may be expected unless some form of non-linear amplitude control, other than the inherent non-linearity of the OTA, is used.
Despite the above mentioned practical problems, the simplicity of the proposed circuits deserve attention. They are very attractive in applications where the waveshape and frequency stability are not very stringent.
